initial and supplemental criteria to define regions of special seismic potential. They recognized that certain seismic zones are probably permanently aseismic in terms of the occurrence of large earthquakes. Their initial criteria for the remaining areas, which they referred to as regions of special seismic potential, required that the segment in question be either a strike-slip or thrust-type plate boundary that has not had a large or great earthquake in more than 30 years. The 30-year threshold was based on the shortest recurrence times observed in the circum-Pacific region at that time. The supplemental criteria took into account information about
Since its introduction by Fedotov [1965] the seismic gap hypothesis has evolved as knowledge about earthquake history, prehistoric earthquakes, and the earthquake process has increased. Since there often is a tendency to confuse current concepts and hypotheses with those of older studies, we review some of the salient points of the development of the seismic gap, seislfiic potential, and long-term probabilistic concepts.
The seismic gap hypothesis represents a simple application of the concept of a seismic cycle along a plate boundary, a period of steady state loading and strain accumulation on a fault segment terminated by a sudden relaxation during an earthquake. As formulated in the 1960s and 1970s, the seismic gap model is most closely aligned with Gilbert's [1909, p. 128] idea of alternation "when a large amount of stored energy has been discharged in the production of a great earthquake .... it would seem... that the next event is more likely to occur at some other place" and not rhythmic recurrence as KJ have indicated in their introduction. Both Fedotov [1965] and Mogi [1969] mapped the rapture zones of earthquakes with surface wave magnitudes (Ms) larger than 7.7 in the northwest Pacific using aftershocks, geodetic, and tsunami data. They observed that aftershock zones of those events abutted and tended to fill in gaps where earthquakes of that type had not occurred for at least 30-100 years. Sykes [1971] showed how the theory of plate tectonics would favor seismic gaps as the most likely places for future large earthquakes along simple, welldefined plate boundaries. He delineated three gaps with dimensions of greater than about 150-200 km for the AlaskaAleutian subduction zone and the Fairweather transform fault. KSO built on these foundations and created a set of initial and supplemental criteria to define regions of special seismic potential. They recognized that certain seismic zones are probably permanently aseismic in terms of the occurrence of large earthquakes. Their initial criteria for the remaining areas, which they referred to as regions of special seismic potential, required that the segment in question be either a strike-slip or thrust-type plate boundary that has not had a large or great earthquake in more than 30 years. The 30-year threshold was based on the shortest recurrence times observed in the circum-Pacific region at that time. The supplemental criteria took into account information about the historic record, whether the zone was near the end of a recurrence interval, or whether the zone was next in an apparent progression of earthquake activity along the plate boundary. The supplemental criteria also recognized that in regions with no record of large earthquakes, relative plate motion could be accommodated by either aseismic slip or small to moderate sized earthquakes. Kelleher et al. [1973 Kelleher et al. [ , p. 2550 explicitly state that each of the previous papers that they cited "is restricted almost entirely to the largest class of earthquakes that occurred along the plate boundary under consideration." KSO used figures from some of those studies [e.g., Sykes, 1971 ] with attribution to their regional maps. They also noted regions where the largest known historic earthquakes were typically great (M s > 7.7) events (e.g., Kuriles, Alaska, South America) and other regions where the largest events to occur were usually major (7.0 -< M s -< 7.7) earthquakes (e.g., Mexico and central America). They used the term large earthquake to encompass both major and great earthquakes.
MNSK expanded upon the seismic potential concept by defining categories based on the amount of time elapsed , as well as recognizing three other types of regions with more equivocal hazard states. Both the 30-and 100-year cutoffs were arbitrarily chosen since the uncertainty in knowledge of recurrence periods was large at that time (p. 1086). They also recognized (pp. 1086-1089) that since repeat times were poorly known for many areas around the circum-Pacific, some areas with relatively short repeat times (i.e., orange zones) would likely be more active during a given period of time than areas with long repeat times (i.e., red zones), which could be inactive for many more years to come. Nishenko and McCann [1981] , in fact, noted that more large to great earthquakes had occurred in orange than in red zones in the interval 1978-1981. Inspection of Table 1 and the note added in proof of MNSK shows that for the 12 events in the interval 1968-1980, there were 4 time as many earthquakes in orange as in red areas. Most of the red areas, in fact, had ruptured previously in very great earthquakes, those of surface wave magnitude Ms, or moment magnitude M w > 8.5, which we took then, as we do now, to be characterized by relatively long repeat times.
These observations and the publication of earthquake histories and more reliable repeat time estimates for areas in the circum-Pacific lead to the development in the 1980's of forecast models that explicitly included both recurrence, Tare, and elapsed, Telapsed, time information for individual fault segments, as well as estimates of magnitudes of events for those segments, information that we were well aware prior to 1981 represented serious shortcomings of the gap concept. Hence concepts about earthquake recurrence and time-varying probabilistic assessment [see Lindh, 1983; Sykes and Nishenko, 1984; Nishenko, 1985] , whether the recurrence of these large earthquakes is rhythmic [Gilbert, 1909] In the name of objectivity, KJ have also introduced a considerable amount of noise into their test by using only the largest-scale (about 1:70,000,000) summary map in MNSK without verifying their assessments of location and seismic potential using the numerous regional maps of MNSK. This interface, a fundamental assumption about events that KSO and MNSK considered to be gap-filling or partly gap-filling earthquakes. Thus KJ's analysis is biased toward small earthquakes, whereas most papers on seismic gaps and zones of seismic potential have focused on larger events. Accordingly, we have subdivided Table 1 into events with 7.0 -< Ms < 7.5 and Ms -> 7.5. Table 3 Table  1 ) occurred in the vicinity of subduction zones. Thus, the transition from small to large rupture should occur for most of their events near Ms 7.5.
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were adjacent to one another and had occurred within the red, orange, or green time frames had been combined into single zones by KJ. This significantly underestimates the actual number of large and great earthquake source zones that were recognized to exist by MNSK. We have recounted these zones using the more detailed, regional figures from MNSK. Our revised list of 125 red, orange, and green zones in Table 3 is significantly greater than the 87 zones KJ identify in their Table 2 . KJ test the differences between all earthquakes of Ms -> 7 in the Red and Green and the Red and Orange categories of earthquake potential (i.e., Pred > Pgreen and Pred > Porange), and assert that seismic activity in the green and orange zones is indistinguishable (i.e., Porange = Pgreen)' Using the revised catalog in Table 1 , we first test those eligible earthquakes with Ms -> 7.5. In Table 3 Table 3 indicates that during the last 16 years there have clearly been more orange than red earthquakes, confirming the initial observation that was made over a decade ago by Nishenko and McCann [1981] . This observation is consistent with the fact that red zones are not only characterized as having long (> 100 years) elapsed times but also long (> 100 years) repeat times and are relatively few in number compared to orange zones (17 versus 53 zones, respectively). If the probability of an earthquake in a red zone during a 16-year window is 0.15 (Poisson probability for a 100-year repeat time), equation (6) of KJ indicates the probability that two or fewer of the 17 red zones would be filled in that time period to be 0.52. In other words, the observations of the last 16 years are not inconsistent with the estimated rates of occurrence for earthquakes with long recurrence times and low probabilities.
Both KJ and the preceding discussion have tested specific applications of the gap concept by KSO and MNSK and shown that there is no significant difference between the orange and green categories of seismic potential as defined in 1979. In many cases, information for specific plate boundary segments is sparse; hence uncertainties in those estimates are also large and should be subject to modification as more information becomes available. Inspection of Table 1 KJ used 16 years of data to test the gap hypothesis and admit that the sample sizes were too small in the critical cases to reach any significant conclusions. Both KSO and MNSK recognized that long time intervals, on the order of decades, would be needed to properly test the seismic gap hypothesis. During the time interval under discussion, there have been no events with M w > 8.2 in the areas under consideration. In fact, the last 20 years have been one of relatively low overall seismic moment release (see Figure 3) . None of the interplate events that have occurred are even remotely comparable in size to the truly great events of 1952, 1957, 1960, 1964, and 1965 . The record of generally higher moment release during the last 90 years indicates, however, that the period of low moment release during the last 20 years is unlikely to continue in the decades ahead. We expect that truly great earthquakes will occur again and that the sites of past events of that type that have not ruptured in that way for more than a century are likely locations for these future events.
While there has always been an awareness of "clustering" associated with the occurrence of major and great earthquakes, the gap hypothesis intentionally focused on other aspects of earthquake occurrence along simple plate boundaries. In many cases, large shocks following great earthquakes represent new breakage in areas adjacent to, but different from, the zones that broke in the preceding mainshock. In some cases, closely spaced events in space and time represent progressions of activity along plate boundaries. Clear examples include the 1957, 1964, and 1965 sequence along the Alaska-Aleutian plate boundary, where 2400 km of plate boundary broke within 9 years, a small fraction of the time between similar sized events along any particular segment. Likewise, several segments of the North Anatolian fault ruptured in a relatively short amount of time, 1939-1943 [Richter, 1958] 
